Objective: To evaluate respiratory muscle strength and six-minute walk test (6MWT) variables in patients with uncontrolled severe asthma (UCSA). Methods: This was a cross-sectional study involving UCSA patients followed at a university hospital. The patients underwent 6MWT, spirometry, and measurements of respiratory muscle strength, as well as completing the Asthma Control Test (ACT). The Mann-Whitney test was used in order to analyze 6MWT variables, whereas the Kruskal-Wallis test was used to determine whether there was an association between the use of oral corticosteroids and respiratory muscle strength. Results: We included 25 patients. Mean FEV 1 was 58.8 ± 21.8% of predicted, and mean ACT score was 14.0 ± 3.9 points. No significant difference was found between the median six-minute walk distance recorded for the UCSA patients and that predicted for healthy Brazilians (512 m and 534 m, respectively; p = 0.14). During the 6MWT, there was no significant drop in SpO 2 . Mean MIP and MEP were normal (72.9 ± 15.2% and 67.6 ± 22.2%, respectively). Comparing the patients treated with at least four courses of oral corticosteroids per year and those treated with three or fewer, we found no significant differences in MIP (p = 0.15) or MEP (p = 0.45). Conclusions: Our findings suggest that UCSA patients are similar to normal subjects in terms of 6MWT variables and respiratory muscle strength. The use of oral corticosteroids has no apparent impact on respiratory muscle strength.
Introduction
Asthma is a chronic inflammatory disease of the airways characterized by bronchial hyperresponsiveness, variable airflow limitation, and symptoms such as dyspnea, wheezing, and cough, which improve spontaneously or with treatment. The primary goals of asthma treatment include complete symptom control, optimal management of limitations in activities of daily living, and reducing future risks.
(1,2) Most asthma patients have mild to moderate asthma, which is easily controlled with the use of inhaled corticosteroids (ICs) alone or in association with a long-acting β 2 agonist (LABA). (3) However, among patients with severe asthma, there is a small subset of patients who remain symptomatic despite good adherence to treatment, correct use of inhalers, appropriate management of comorbidities, and use of high-dose ICs in association with LABAs, oral corticosteroids, omalizumab, or any combination of the three. (4, 5) Such patients are considered to have uncontrolled severe asthma (UCSA), which, according to current asthma guidelines, should be treated at specialized centers. (4, 5) Patients with UCSA require high-dose ICs alone or in association with oral corticosteroids, the adverse effects of which include decreased protein synthesis and increased protein degradation and contribute to muscle atrophy. (6) In addition, increased airway resistance and lung hyperinflation also contribute to reducing inspiratory muscle The diagnosis of severe asthma was based on the American Thoracic Society/European Respiratory Society (ATS/ERS) criteria, (13) as follows: • major criteria-use of oral corticosteroids for at least six months per year and continuous use of high-dose ICs (≥ 1,600 µg of budesonide or equivalent) in association with LABAs • minor criteria-FEV 1 of < 80%; PEF variability > 20%; daily use of short-acting β 2 agonists; use of more than three courses of oral corticosteroids per year; history of near-fatal asthma; one or more emergency room visits in the previous year; and rapid decline in lung function after a decrease in the dose of corticosteroid therapy The patients who were included in the present study received outpatient treatment for at least six months in order to control environmental factors and comorbidities, as well as to improve inhaler technique and treatment adherence. In addition, we included only patients assigned to Global Initiative for Asthma (GINA) and Brazilian Thoracic Association (BTA) asthma treatment step 4 or 5 (LABAs/high-dose ICs plus oral corticosteroids, anti-IgE treatment, or both)
(1,2) and meeting two major ATS/ERS criteria or one major and two minor ATS/ERS criteria. (13) We excluded patients with severe heart disease; current smokers; former smokers who had a smoking history ≥ 10 pack-years or who had quit smoking less than one year prior; and patients who had had exacerbations requiring emergency room treatment/hospitalization, use of prednisone or equivalent at doses above 20 mg, use of antibiotics, or any combination of the three in the last four weeks.
The 6MWT was performed in a 25.6-m corridor with the use of a portable oximeter (Nonin Medical, Inc., Plymouth, MN, USA), in accordance with the recommendations of the ATS. (14) Each of the participants underwent two 6MWTs, at least 30 min apart. We evaluated the following parameters: SpO 2 , as measured by pulse oximetry; HR; RR; and patient perception of dyspnea and leg fatigue, as assessed by Borg scale scores at the beginning and end of each test. In addition, we determined the percentage of the predicted maximal HR (%HRmax) for adults, HR recovery at one minute after completion of the 6MWT (HRR 1 ), and the 6MWD. Values of desaturation ≥ 4%, (8, 14) %HRmax > 85% of predicted, (8, 14) and efficiency, resulting in increased muscle work and energy expenditure to overcome airflow limitation. (7) The aforementioned factors have yet to be well studied in patients with UCSA.
The six-minute walk test (6MWT) is a submaximal exercise test that evaluates the overall and integrated responses of all body systems involved in physical exercise, including the pulmonary system, the cardiovascular system, peripheral and systemic circulation, blood, neuromuscular units, and muscle metabolism. (8, 9) Respiratory muscle strength can be estimated from airway pressures generated by respiratory muscle contraction. Maximal static respiratory pressures are usually measured at the mouth during inhalation and exhalation, the former being designated MIP and the latter being designated MEP. (10) The role of the 6MWT in the evaluation and follow-up of patients with COPD, interstitial lung disease, pulmonary arterial hypertension, and heart failure is well established. (8) However, the only study evaluating the impact of severe asthma on the six-minute walk distance (6MWD) in adults was a study conducted by Canuto et al., (11) who found that the 6MWD was significantly shorter in patients with difficult-to-control asthma (DCA) using oral corticosteroids than in healthy controls. In addition, although respiratory muscle strength (particularly MIP) has been reported to be reduced in several studies involving asthma patients, it has yet to be evaluated in patients with UCSA. (12) The primary objective of the present study was to evaluate respiratory muscle strength and 6MWT variables in patients with UCSA. Secondary objectives were to evaluate the impact of oral corticosteroid use on respiratory muscle strength and to determine the correlation of the level of physical activity with the 6MWD and the level of asthma control in such patients.
Methods
This was a cross-sectional study of UCSA patients over 18 Categorical variables were expressed as absolute and relative frequencies, and continuous variables were expressed as mean and standard deviation (parametric distribution) or as median and range (nonparametric distribution). The Mann-Whitney test was used in order to evaluate the difference between the 6MWD recorded for the patients with UCSA and that predicted for healthy individuals, as well as to evaluate the association of physical activity levels (IPAQ scores) with the 6MWD, ACT scores, %HRmax, and HRR 1 . Spearman's correlation test and the Kruskal-Wallis test were used in order to evaluate the association of oral corticosteroid use with MIP and MEP. Values of p < 0.05 were considered statistically significant. On the basis of the longest 6MWD found in the literature (with a standard deviation of 90.44 m) and using a level of significance of 0.05 and an unpaired two-tailed Student's t-test, we estimated that a sample size of 26 was needed in order to detect a difference of 50 m between the 6MWD found in the present study and that found in the literature. (26) 
Results
The initial sample consisted of 29 patients. Three patients were excluded because of a probable overlap between asthma and COPD, and another one was excluded because of asthma exacerbation during the month of data collection.
The final sample consisted of 25 asthma patients (18 females and 7 males), their mean age being 49 years and their mean body mass index being 28.9 ± 7.9 kg/m 2 ( Table 1 ). All patients had ACT scores of < 15 points, 14 (56%) were classified as being irregularly active/sedentary, and 20 (80%) had exercise limitation in the period between asthma attacks. Ten patients (40%) had a history of exacerbations requiring ICU admission, and 7 (28%) had a history of exacerbations requiring mechanical ventilation.
All patients were receiving treatment with LABAs and high-dose ICs (≥ 1,600 µg of budesonide or equivalent), 6 (24%) had been using at least 10 mg/day of prednisone for more than one year, and 3 (12%) were using omalizumab.
The most common CT findings were bronchiectasis that was minimal/moderate and predominantly central, in 3 patients; small areas HRR 1 > 12 bpm were considered significant. (15) (16) (17) The 6MWT during which the longest 6MWD was covered was considered valid; absolute and percent predicted 6MWD values were calculated by the reference equation for the 6MWD in the Brazilian population. (18) Spirometry was performed with a Koko spirometer (PDS Instrumentation Inc., Louisville, CO, USA). The tests were performed and the results were interpreted in accordance with the BTA guidelines. (10) All post-bronchodilator test results were reported as absolute values and as percentages of predicted values, in accordance with Pereira et al. (19) Respiratory muscle strength was evaluated in accordance with the BTA guidelines, (10) with a digital manometer (Warren E Collins Inc., Braintree, MA, USA), the signals being read and recorded through individual ducts. A 2-mm hole in the circuit prevented false measurements as a result of involuntary contractions of the cheeks. We measured MIP at RV and MEP at TLC. The results were expressed in cmH 2 O. (20) The level of asthma control was assessed with the Asthma Control Test (ACT), previously validated for use in Brazil, (21) (22) (23) a score of 25 points indicating clinical remission of symptoms or totally controlled asthma, a score of 20-24 points indicating adequately controlled asthma, and a score of < 20 points indicating uncontrolled asthma.
The level of physical activity was measured with the short version of the International Physical Activity Questionnaire (IPAQ), previously validated for use in Brazil. (24, 25) The instrument consists of seven questions regarding the frequency (in number of days per week) and duration (in number of minutes per day) of vigorous physical activity, moderate physical activity, and walking activity. On the basis of their IPAQ scores, individuals are classified as very active, active, irregularly active, or sedentary. In the present study, we divided the participants into two major groups: the group of very active/active individuals and the group of irregularly active/sedentary individuals. (24, 25) All study participants underwent chest HRCT for the differential diagnosis of other diseases, such as COPD, bronchiectasis, and allergic bronchopulmonary aspergillosis.
Data analysis was performed with the Statistical Package for the Social Sciences, version 18 (SPSS Inc., Chicago, IL, USA), and Minitab normal, 7 (28%) and 11 (44%) of the 25 patients studied had reduced MIP and MEP (of < 65% of predicted), respectively ( Table 2) . Of the 7 patients who had reduced MIP, only 2 had spirometric signs of lung hyperinflation.
There was no significant difference (p = 0.14) between the median 6MWD recorded for the UCSA patients in the present study-512 m (range, 307.2-597.3 m)-and that predicted for healthy individuals-534 m (range, 382.6-621.3 m)- (Figure 1) .
None of the patients required supplemental oxygen and there was no significant decrease in mean SpO 2 during the 6MWT; however, 5 patients experienced desaturation during the test. Of those, 2 experienced bronchospasm, which was reversed with the use of a shortacting β 2 agonist, 2 had comorbidities (allergic bronchopulmonary aspergillosis and sequelae of pulmonary tuberculosis), and 1 had evidence of emphysema and air trapping on chest CT scans. At the end of the 6MWT, perceived leg fatigue was mild and perceived dyspnea was mild to moderate. All patients had a significant decrease in HRR 1 (Table 3) .
When we compared the subset of patients treated with continuous oral corticosteroids or four or more courses of oral corticosteroids per year (n = 15) with that of those treated with three or fewer (n = 10), in order to investigate the association between the frequency of oral corticosteroid use and respiratory muscle strength, we found no statistically significant differences in median MIP-74.5% (range, 59.0-104.0%) and 72.5% (range, 43.0-104.0%; p = 0.15), respectively-or MEP-67.5% (range, 29.0-121.0%) and 63.5% (range, 34.0-121.0%; p = 0.45), respectively. of centrilobular emphysema, in 11; mild right upper lobe fibrosis/atelectasis, in 1; and air trapping, in 1.
There was a predominance of obstructive lung disease (mean FEV 1 , 58.8 ± 21.8% of predicted), and 17 patients (68%) had positive bronchodilator test results. Although mean MIP and MEP were controlled despite treatment. (4, 5) Patients defined as having UCSA are those who, in addition to having poorly controlled asthma, meet at least one of the following criteria (4, 5) : an ACT score of < 20 points or an equivalent score on any other validated instrument for assessing asthma control; two or more exacerbations requiring systemic corticosteroid use in the last year; severe exacerbation requiring hospitalization in the last year; and persistent airflow limitation despite GINA asthma treatment step 4 or 5.
(4,5) Therefore, it is increasingly important to characterize UCSA patients and identify outcomes that can aid in evaluating the impact of interventions on such patients. Among such outcomes are exercise capacity and respiratory muscle strength.
In our study, the 6MWD recorded for the patients with UCSA was similar to that predicted for healthy Brazilians. (18) In addition, the patients with UCSA had normal post-6MWT SpO 2 , HRR 1 , and respiratory muscle strength.
It is known that the 6MWT provides indicators of functional capacity (the 6MWD), pulmonary gas exchange (SpO 2 ), cardiovascular stress (HR), cardiac automaticity (HRR 1 ), and sensory stress (dyspnea scores). (8) Although our patients were irregularly active or sedentary and had moderate obstructive lung disease and uncontrolled asthma, their mean 6MWD was 512 ± 72 m. In addition, mean desaturation was less than significant during the test (SpO 2 having decreased < 4% from baseline).
We found that %HRmax was achieved in approximately 71% of the study participants, a The 11 most physically active patients and the 14 least physically active patients were found to be similar in terms of their ACT scores, 6MWD, HRR 1 , and %HRmax during the 6MWT (Table 4) .
Discussion
Patients who do not achieve asthma control at GINA asthma treatment step 4 or 5 have historically been classified as having DCA.
(1) However, debate over the most appropriate terminology has been ongoing for more than two decades because of the different criteria used in order to define severe asthma, DCA, refractory asthma, therapy-resistant asthma, and, more recently, UCSA.
In 2000, the ATS proposed criteria for defining DCA, and those criteria contributed to resolving part of the controversy. (13) However, it was only after the publication of the 2013 ATS/ERS task force guidelines-ratified and cited in the 2014 GINA guidelines-that the classification of severe asthma became clearer. (4, 5) According to the aforementioned guidelines, the term "difficult-to-treat asthma" should be reserved for asthma in patients who are able to achieve better disease control after improving environmental hygiene, inhaler technique, treatment adherence, or comorbidity management. However, the same guidelines defined patients with "severe asthma" as those who, despite the aforementioned measures, required drugs assigned to GINA asthma treatment steps 4 and 5 in the last 12 months or systemic corticosteroids for at least 6 months in the last 12 months in order to maintain asthma control or those in whom the disease remained inadequately submaximal test, and cardiac ischemia. The authors noted that, after the reasons for exercise limitation have been identified, treatment can be revised, particularly the use of high-dose corticosteroids in patients without pulmonary limitation. (27) Respiratory muscle strength measurements (mean MIP and MEP) in the UCSA patients investigated in the present study were no different from those in healthy individuals. An increase in functional residual capacity (caused by lung hyperinflation) flattens the diaphragm and alters respiratory mechanics, resulting in a mechanical disadvantage, which can be inferred by a reduction in respiratory muscle strength. (7, 28) However, asthma patients with mild or moderate obstructive lung disease might not have significant lung hyperinflation resulting in changes in diaphragm position. (29, 30) The fact that the patients in the present study had moderate airway obstruction might explain why their MIPs and MEPs were similar to those in healthy individuals.
We found no significant differences in mean MIP and MEP between the asthma patients who often used oral corticosteroids and those who did not (i.e., those who were treated with three or fewer courses of oral corticosteroids per year). However, only 6 patients (24%) were using oral corticosteroids continuously. One group of authors found that inspiratory muscle strength was lower in oral corticosteroid-dependent asthma patients than in asthma patients using high-dose ICs, the level of lung hyperinflation being similar between the two groups of patients. (28) It should be noted that MIP and MEP were found to be reduced in 28% and 48% of the patients, respectively. A reduction in respiratory muscle strength can occur, particularly in obese females, as a result of respiratory muscle dysfunction. Respiratory finding that indicates efficient gas exchange and adequate cardiovascular stress. Mean HRR 1 (21.7 ± 8.3 bpm) was significant, suggesting normal cardiac automaticity, although perceived leg fatigue and perceived dyspnea after completion of the 6MWT were moderate and somewhat strong, respectively. After reviewing the literature, we found only one study evaluating adults with severe asthma during the 6MWT. (11) In that study, the 6MWD was significantly shorter in the group of patients with DCA than in the controls. (11) However, the mean 6MWD in the group of patients with DCA was 435 m, (11) which is approximately 112 m shorter than the 6MWD recorded for our sample of patients with UCSA. It is of note that the patients in that study were older than those in the present study (52.3 ± 8.3 years vs. 49.8 ± 14.4 years), had more severe obstruction, as shown by percent predicted FEV 1 (44.0 ± 15.9% vs. 58.8 ± 21.8%), and used drugs that were more potent, such as oral corticosteroids (64% vs. 24%) and omalizumab (47% vs. 12%).
At the end of the 6MWT, there was a decrease in SpO 2 in 5 of the 25 UCSA patients investigated in the present study. In 2, this was attributed to bronchospasm, which was rapidly reversed by rest and by using short-acting β 2 agonists. The remaining 3 had comorbidities (bronchiectasis due to sequelae of tuberculosis, allergic bronchopulmonary aspergillosis, and pulmonary emphysema with air trapping, respectively). These results suggest that, in the absence of bronchospasm, the presence of desaturation during the 6MWT in patients with UCSA should raise the suspicion of comorbidities.
According to one group of authors, (27) the reasons for exercise limitation in patients with UCSA should be investigated and include asthma itself, alveolar hyperventilation, exercise-induced bronchoconstriction, physical deconditioning, muscle activity can also be negatively affected by increased elastic resistance caused by the presence of excess adipose tissue in the rib cage and abdomen, which results in a mechanical disadvantage to the muscles. (31, 32) In our study, 72% of the patients were female, their mean body mass index being 28 kg/m 2 . Although the results of the present study should be interpreted with caution, particularly because of the lack of a control group, the small sample size, the cross-sectional study design, and the single-center nature of the study, they are relevant because of the lack of studies examining exercise capacity in patients with severe asthma and because of the difficulties in investigating exercise capacity in such patients. In addition, the present study is relevant because it examined a sample of patients treated at a referral center in a university hospital and because of its high statistical power (of 81%).
In conclusion, the 6MWD recorded for the UCSA patients in the present study was found to be similar to that predicted for healthy Brazilians. The fact that there was a decrease in SpO 2 in 5 of the 25 patients studied can be explained by the presence of bronchospasm and comorbidities. Respiratory muscle strength measurements (mean MIP and MEP) were found to be above the predicted lower limit, regardless of the use of oral corticosteroids. Further studies, involving a larger number of patients and including a control group, are needed in order to gain a better understanding of exercise capacity in patients with severe asthma and determine its role in the management of the disease.
